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(54) PROCESS OF MANUFACTURE OF SUPERCONDUCTING CONDUCTOR 



(57) Abstract: 

FIELD: nnanufacture of superconducting 
wires. SUBSTANCE: process is intended for 
manufacture of conductor connposed of nnetal 
sheath, buffer layer and superconducting 
core. Material of sheath is nnetal or alloy 
capable of effect of hydrogen plasticizing. 
nnaterial of buffer layer is connpound poorly 
reacting with nnaterial of nnaterial of core, 
hydrogen and oxygen, core is produced from 



oxide compound capable of high-temperature 
superconductivity. Process involves 

hydrogenation of sheath, assembly of 
semi-product with formation of buffer layer, 
plastic deformation of semi-product and 
dehydrogenation of sheath of superconducting 
conductor. EFFECT: high current-carrying 
capability of superconducting conductor, its 
reduced as conductor has no such expensive 
materials as silver. 
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l/l3o6peTeHkte oTHocMTcn k cnoco6aM 
MaroToaneHMR csepxnpoBOflnmvix npoBOflOB m 
KaOejieii v\ MOKer 6biTb vicnonbaoBaHO np\A 

nonyMeHMM CWnbHOTOMHblX 

BbiooKOTeMnepaTypHbDc ceepxnpoBOAHkiKOB .- 
l/l3BecTeH cnoco6 MaroTOBneHi/in 
OAHO}KMJibHoro cBepxnpoBOAniMero npoBOfla 
(>KMJibi) [1]. CnocoO saKniwaeTCfl b tom, mto. ms 
HenpepbiBHo nepeiMeiuaioiMet^cn 
MeTa/iJiMMecKOH . jieHTbi ({rapMyioT TpyGHaiyK) 
o6onoMKy. Ha BHyrpeHHefl noBepxHocTn KOTopofii 
pasMeiLiaiOT HacTHUbi CMeiuaHHbix okcmaob. 
SareM kpomkm neHTbi repMernMHO CMbiKaior n 
VMeHbUjatoT Ai^aMBTp o6pa30BaBUjeC^cfl Tpy6KM 
nyTBM xoJiOAWoro BonoMeHun, nocne Moro 
HaMaxbieaioT nonyneHHbiM npoeofl Ha 6apa6aH. 
He/v5CTaTKOM MSBecTHoro cnoco6a rbjibbtcs 

OTHOCHTenbHO HMBlCan nnOTHOCTb 

CBepxnpoBOAfiLi4ero Marepnana cepAUeakiHbi 
(5.3-6.4 r/CM^), cocTasnaiomafl 80-85% or 
TeopeiMMecKoC^. (Ipw tskoP^ itjiothoctm viMetOT 
MecTO ocraTOMHafl nopucTOCTb okcmahoR 
cepAiAeBMHbi npoBo^a. norepM KkicjiopoAa 
OKCi4AaMM. Apyrof^ HeAocraTOK kt3BecTHoro 
cnooo6a aaicniOHaeTcn b npMMBHeHHM b 
KaMecTBe aaicnioHMTenbHObf onepaL^iivi xonoAHoro 
BonoMeHMfl. KaK noKasbiBaioT uicx^neAoaaHuiq. 
BbinoJiHeHHbie bo HeopraH^MecKi^x 
MaTepManoB, xonoAHan Ae^opMai^Mn Bbtabieaer 
pesKoe yeerikmeHMe lukipi^Hbi 

cBepxnpOBOflfliAero nepexoAa oKcmoa ao 
40-50K. YKaaaHHwe HeAocrarKM wsBecTHoro 
cnoco6a o6ycnaB;iMBaKDT HusKyK) roKOHecyuiyio 
cnoco6HOCTb CBepxnpOBOAfliMsro npOBOAa. 

H3 n3BecTHbix peujeHnin HaM6onee 6nn3KMM 
K npeAnaraeMOMy M3o5peTeHmo no TexHMMecKOM 
cyu4H0CTn RBJiy^ercfl cnoco6 nonyMeHUfl 
ceepxnpoBOAf'LUev^ Knjibi, BKnicwaioaJiMti c6opKy 
nonycJ>a6pnKaTa, era nnacTHMecicyK) 

Ae^opMai^nK) (oKcrpyAnpoBaHMe. BonoMeHvie) 
CO creneHbKD o6>KaTMfl 1 6-92% n nocneAy^oiMyio 
TepMoo6pa6oTKy Ann cnsKaHUP cepAUeenHbi 
npi/1 Tewneparype 700-1000°C [2]. B 

COOTBeTCTBMl/l C MSBeCTHblM Cn0CO6OM, 

Bbi6paHHbiM B KaMecTBe nporoTMna. npM cGopKe 
MeTajiJinMecKyK) Tpy6Ky aanofiHflKDT 
KepaMMMecKMM CBepxnpOBOAfiiMUM nopouuKOM wa 
ocHOBe cno>KHoro OKCHAa co cTpytcrypoR Tuna 
nepoBCKMia. MaiepnanoM Tpy6bi Moryr SbtTb 
cepe6po. aonoTO, nnaTMHa, paAi^f^, najinaAnC^, 

UpMAMf^, pyieHl/lR, OCMMC^. MBAb, anwMi/iHuCi, 

)Kene3o, HMKenb, xpOM. wonnSAeH, Bonb4)paM, 
raHxan n cnnaBbi. b cocraB Koropbix yKaaaHHbie 
MeTarjJibi bxoaht b lOMecTBe ocHOBHbix 
KOMnoHeHTOB. TaioKe MarepManoM rpyCw mojkbt 
SbiTb Ti/iTaH. o6naAaKDLAMM 3c})ct)eKTOM 
BOAopoAHoro nnacTn4)MUMpOBaHMfl. 

DpoTOTMn. oAHaKo. He npeAycMaTpMBaer 
ncnonb30BaHMe sctD^etcra BOAopoAHoro 
nnacTnct)Mi4MpoBaHMfl, npenflTcrsyioinero 

MHTeHCMBHOMy 06pa30BaHl<1K) M paasMTMio 

MUKpoTpeiAMH B cepAB^HMKe aa CMer ero 
BoecTopOHHero paBHOMepHoro oicaTkifi npvi 
nojiyMewMM cBepxnpoBOAniMe*^ KMJibi. 
HeAOCTaiKOM cnoco6a. aanBJieHHora b 
npoTOTune. nanneTCR raioKe to. mto 
TepMoo6pa6oTKa a BbiujeyKaaaHHOM 
TeMneparypHOM MHrepeane npuiBOA^T k 
aKTMBHOMy xi/iMMMecKOMy peampoBaHMto 
pKCMAHpW cepAMeBkiHbi c_ MeTa/uiMHecKoW 
o6ojioHKovi. KOTOpoe o6ycnaB/iMBaeT MSMBHeHMe 
CTexMOMerpkmecKoro cocTaaa OKCviAa w B wTore 
noAaaneHkie caepxnpoBOAniMHX cBOf^CTB >iaijibi. 
KpoMe roro, b pesy/ibTare TepMOo6pa6oTKM 
Ha6nK3AaeTcn o6pa30BaHvie mmkpo- m 
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MaKpoTpeu^MH B cepAL^eBHHe h Aa>Ke ee 
MacTviMHoe oTcnoeHMe or MeiannnMecKoK 
o6orioMKM. TpeiAi/iHO06pa3OBaHMe b cepAUesMHe 
BeA0T K naA^HMio MexaHMMecxMx m 
cBepxnpoBOAniMvix xapaKrep^crMK )Kvmb) ki 
AecTa6Mjiyi3MpyeT ee pa6oTy b ycnoBHRX 
SKcnnyaTaL^utM, CBnsaHHbix c i^nKnMMecxMM 
M3MeHeHiieM TeMnepaTypHux Hanpn>KeHMf^. Do 
yKaaaHHyM npiiMMHaM CHUi)KaeTC5i TOKOHecyu^an 
cnoco6HocTb CBepxnpoBOAfliuevi xt^jibi. 

Llenbto uiaoGpeTBHUfl hbhrbtca noBbinieHne 
TOKOHecyiueR cnoco^HocTn cBepxnpoBOA^'LMei^ 
ymnh\ 3a cmct npeAOTBpaii^eHHn aKTHBHoro 
XMMUMscKoro B3ai/iMOAeC^cTBMn cepAe^HUKa \a 
o6o;ioMKM. TpemnHOoGpaaoBaHMR cepABMHMKa n 

nOBblLUeHMfl rLnaCTMMHOCTM o6onoHKM. 

Uenb AOCTMraercfl tsm. mto b cnoco6e 
naroTOB/ieHMfl cBepxnpoBOAfliMeC^ >Kvinbi. 
BKniOMaK3i4eM c6opKy nonyc|DaepMKaTa. 
cocTonLuero H3 o6onoHKM, BwnoriHeHHOM m3 
Meranna, o6naAaK)Luiero acWeKTOM 
BOAopoAHoro nnacTMi^Ji/ii^npoBaHUfl, m 
cepAS'-iHMKa M3 BbtcoKOTeMnepaTypHoro 
caepxnpoBOAfliMero coeAHHeHi/in, m ero 
nnacTHMBCKyio Aecf50pMai4n»o. o6onoMKy 
CBepxnpoBOARtAsf^ Kiinbi npeABapurenbHo 
noAseprajOT ruAPHposaHMio, npi^ c6opKe 
nony4)a6pnKaTa weJKAy o6onoMKoCi m 
cepAQ'-'HMKOM c$3opMnpyioT 6yc|)epHbiW cnoC^ m3 
MaiepMana, cna6o pearnpyjOLAero c 
MarepnaiioM o6onoMKi/! m cepAeMHMKa. 

BOAOPOAOM M KMCnOpOAOM, aaTBM 

ocymecTBnflioT njiacTMMecicyK) AecfJopMam/iK) 
nonyct)a6pMKaTa npn TeMnepaiype, 
o6ecneMMBajoiMe£i coxpaHeHMe crexnoMeTpMn 
CBepxnpoBOAflinero coeAi^HeHuifl ui nponsneHMe 
3c{)ct3eKTa BOAopoAHoro nnacTuctJUUnpoBaHMfl. 
SaxeM npOBOA«T AerwAPMpoBaHMe oSojiomkvi. 

CyiAHocTb M3o6peTeHMfl coctomt b tom. hto 
B KaMecTBB MaTepManoB oSgjiomkm 

CBepXnpOBOA^meM )KMnbI MCnO/lbSyKDT TMTaH, 

L^MpKOHMf^ PI cnnaBbi Ha MX ocHoae, KOTopbie 
nocne ruApv^poBaHnw (T.e. BaKyywHoro OTxcwra 
npn TewnepaType 750-800°C, pacTBopeHMfl B 
HMx BOAopoAa AO KOHi^eHTpauMn 0,3-1,5 Mac.% 
n MQAneHHoro ox;ia>KAeHMfl) o6Hapy>KMBaiOT npn 
o6pa6oTKe AaaneHMeM sc^c^exr BOAopoAHoro 
nnacTii4)i^L^MpoBaHMn, aaioiioMaiotAMf^cn e 
yBeriMMeHMM nnacTMMHocTM (creneHM 
Ae4)OpMamiM AO paapyiueHMq) m cHUixceHMW 
conpoTMBJieHkin A^^opMai^i/ii/i MeTanna. 
VKasaHHbii^ 3ct)C|>eKT oSecneMuieaeT BbiooKyio 
cTeneHb nnacTHMecKoR Ae4>opMai4MM 
nonyc|)a6puiKaTa. nonyMBHHe caepxnpoBOAniMaJ^ 

)KMnbt MMHMMa/lbHO B03MO>KHOrO CeMeHMH C 
TOHKOH 060n04K0M M BblOOKOnnOTHOM (n/lOTHOCTb 

0,9-0,95 OT TeopBTMMecKoft) okcmahom 
cepAueBUHoR. hto BBAeT k yBexiMHeHMK) 
K03C|34)viL^i^eHTa sano/iHeHun nonepeHHoro 
ceMeHkin xouibi cBepxnpoBOAfliMeJ^ 4)a3oi5. T.e. 

npWlBOAl^T B KOHBMHOM MTOre K pOCTy 
TOKOHecyLi^eM Cn0006HOCTH WMJlbl. 

Ey4)epHbif^ cnofa, 3anojiHfliou4kiC) 
npocTpaHCTBO Me>Kny MeTaji/iMMecKoCi 
o6oJiOMKO(^ M cBepxnpoBOARLMHM CepAeMHMKOM. 
npeAHadHaneH Ann yoTpaneHkin aiaviBHoro 
BsakiMOABvicTBMR Maxepkia/ioB oGonoMtcM ki 
cepAS'^HWKa. BBAyiMero k AerpaAamin 
CBepxnpoBOARLi^MX cboC^ctb. KpOMe Toro. oh 
npenflTCTsyeT npoHMKHOBeHnio soAopoAa npn 
rMApMpoBaHMM BHyTpb >Knnbi \A noTepe 
KvicnopOAa okcmahom cepAi^QBuHoi^. B KaMecTse 
MaTepkiajia Anw 6yct)epHoro cnon Moryi 6biTb 
vjcnonb30BaHbi coeAnneHun KpewHUR, HanpuMep 
Si02, peaoipyiOLMuie c OKcuiAaMki npui 



7} 



a> 
O 



TGMnepaType He Huxce 500°C. By<t)epHb»J^ cno5^ 
no3BOJifleT MCKnioMMTb onepai^HK) 
BocxrraHOB/ieKktn cBepxnpoBOAPi^MX cboC^ctb 
nocne nnacTHMecKoC^ Aec^DopMai^nn 
nojiyct)a6pMKaTa. 

nnacTMMecKan Aectx^puai^Mfl 
(BbiAaanMBaHuie. npoKarica. nniou^eHi/ie, 
BonoMeHne m ijx.) nojTyc|)a6pMKaTa flOJDKHa 
ocymecTBTiflTbCfl npM TeMneparypax HM>Ke 
reMnepaTypbi nepexooa CBepxnpoBOAntite^ 
cjsasbi OKCuiAa b HecBepxnpoBOARiMyK). 
Hanpi/iMep. coeAMHeHne YBasCuaOx nput 
KOMHaTHOM TewinepaType npeflCTaanfler cc36oi^ 
opTopoM6MMecKyio ct)a3y, Koropan npM 
HarpeBaHMii, HaMHHa^i c 350-400 °C« repner 
KkicnopoA M nepexoAi^ b TerparoHanbHyio 4)a3y, 
He o6jiaAaK>L^y)o cBepxnpoBOAnu^MMt/i 
CBoC^craaMM. CjieAOBarenbHO. npi4 

Mcnonb30BaHiiM B KaMecTBe Marepviana 
cepAUeBUHbi KktJibi AaHHoro OKct/iAa 
nnacTMMecKyio Ae^^opMai^wiio Heo6xoAMMo 
ocyiuecTBJiJTTb npM reMneparype 300-350 °C. 

ycTaHOBnewHbiM ct)aKTOM nannercn to, mto 
ni^HeP^Hbte paais/iepbi MerannkmecKof^ o6oJiOMKki 
nocne n^ApvipoaaHMR yeexiMMMBaioTCfl b 
cpeAHeM Ha 0,8-1,1%. Rpn o6paTHOM npoMecce, 
T.e. yAaneHMM BOAopoAa ms oGojiomkm 
(A^^ulAP^poaaHHe), Ha6xiiOAaeTCR noiiHoe 
BOCcraHOBXieHMe HcxoAHbix pasMepoB 
HeaanojiHeHHon oeonoMKM. CepAeMHHK 
CBepxnpoBOAntueS^ jKMiibi nocne 
AemAPMpoBaHMn oxasbiBaeTCfl b cocroRHMid 
BcecTopoHHero paBHOMepHoro cffxaivm. 3to 
npenflTCTByer MHTeHci/iBHOKAy o6pa30BaHMio m 
paaBMTMK) MMKpOTpeu^MH B cepAeMHuiKe M, 
cnqAOBaTenbHO, cnoco6cTByeT noBbiujeHMio 
MexaHkiMecKMX cbo()ctb ui TOKCHecyiMen 
cnoco6HOCTM Kuinbi, CTa6iinM3auMM ycxiOBM^i ee 
atccnnyarauMM npvi TepMoi^MioiMpOBaHMii. 

BklAHO. MTO COBOKynHOCTb OTni/IMMTenbHblX 

cymecTBeHHbix npiiaHaxoB npeAnaraeMoro 
w3o6peTeHMR ycTpaHner HeAocraTKM npoTOTuna. 
Aef^cTBMTenbHo, no npeAnaraeuoMy cnoco6y 
ycTpanneTcn TepMi^MecKan o6pa6oTKa 
CBepxnpOBOA^LAeEi ct)a3bi npui reMneparype 

700-1 000°C. 3tmm MctcnioMaeTcsi MaMeneHMe 
crexMOMeTpHMecKoro cocraBa 
CBepxnpoBOA^Li^ero MarepMana m coxpaHeHne 
ero nepBOHdManbHbix caepxnpoBOAnuu^x 
CBov^cTB, a raioKe ycrpaHfleTcn oSpasoBaHMe 
MMKpo- M MaKporpetAktH aa CMer M3MeHeHMn 
repMOHanp$i>KeHHoro cocronHMn 
o6pa6aTbiBaeMoro Marepuiana. 
Aert/iApMpoaaHMe coaAaer ocraroMHbie 
HanpR)KeHb^fi OKaiM^i b cBepxnpoBOAH^Ke, mtc 
npeAOTBpaiAaeT paaSyxaHHe Marept/iana npi^ 
repMoi^MKnupOBaHHWi Kunbi b ycnoBunx 
oKcnnyaraunM. Bee nepeMncneHHbie ct)aKTopb! b 
coBOKynHocTM noBbiLuafOT TOKOHecyi^yio 
cnoco6HOCTb cBepxnpoBOAy'iMeM okchahom 
>KMnbi, MeM AOCTMPaeTcn qenb naoepereHnn. 

n p M M e p. Bepyr rpy6y m3 ruraHa wapKM 
BT1-0. npeAHasHaMeHHyro Ann ncnonb30BaHn« b 
Ka^ecrBe oSonoHKM cBepxnpoBOAfliMe^ >Knnbi 

Hapy>KHblM AHaMBTpOM 56 MM 1^ BHyrpeHHMM - 50 

MM, AnMHOi^ 180 MM. Tpy6y noABepraiOT 
rviAPMpOBaHHK): onKuravoT ee b BaKyyMe npn 
rewnepaiype 750-800°C b reMenMe 1 h, na 
ycranoBKe oO'beMHoro BOAopoAHoro 
. nervipoBaHMH ocyii^ecTBnniOT pacrBopeHne 

BOAOpOAB B THraHB AO KOHl^BHTpai^MH 0,8-0,9 

Mac.7o B leneHi^e 1.5 h. MeAnenno oxna>KAaiOT 
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Tpy6y AO KOMHaiHoR reMnepaTypbi. flocne 
mApvipoBaHMR pasMepbi Tpy6bi ysenkimiBaioTCfl 
Ha«1%. 

Ocyu^ecTBnnwT c6opKy nonyc(}a6pMKaTa. Ann 
C03AaHkin 6yct3epHoro cxion Ha noaepxHocTb 
nojiocTM Tpy6bi m6toaom oicyHaHkt;? b pacnxiaB 
>KuiAKoro creKna HaHoc;ir SiC (BeiAecTBo, 
Haui6onee 6nM3Koe k ruiraHy no Koa^ctsviLiiieHTy 
repMumecKoro paciuMpeHvin). Docne sroro 
noMeiABioT bo sHyrpeHHioK) nonocxb rpy6bi 
Ta6jieTKM cneneHHoro xynpara BHCMyra 
Bi-Sr-Co-Pb-Cu-O, oGpaayroiUMe 
cBepxnpoBOAfliMyio cepAUeBMHy. 

Ta6neTiai AonwHbi 6birb noAnpeccoBanbi 

TBK, MT06bl OHM nnOTHO SanOHHRnui BCtO 

BHyTpsHHiOK) nonocrb Tpy6bi. flepeAHUM \a 
aaAHMk^ K0Hi4bi Tpy6bi saKpueaiOT 3arnyiuKaMvt \a 
npMBapMBaioT mx no oKpy^KHOcru Tpy6bi. 

Poena nepeMuicJieHHbix onepai^i/ii^ 
ocyiMecTBnyiJOT BbiAaB/ii/iBaHMe nonyc|3a6pnKaTa 
ki3 KOHref^Hepa 58 mm c BbiTfl>KKOM 16 npM 
reMneparype 300-320^0. Aanbiue npoMSBOA^r 
npoKaTKy-KOBKy nonyc|}a6pMKara ui BonoMewuie e 
MeTbipexponkiKOBOM BonoMi/uibHOM MHcrpyMeHTe 
AO nonepeHHoro ceneHvin A^aMexpoM 2,4 mm. 

Bee onepai^MM o6pa6oTKti AaBneHMeM 
BbinonHPicr npw reMneparype 300-320 ^C. Dpui 
STOii )Ke reMneparype cMaxbiBatoT npoBonoicy na 
6apa6aH. Aeri/iAPMpoBaHMe o6onoMKvi (or>Kvir b 
ycnoBMflx HenpepbiBHoA aaicyyMHoA OTKaMtm) 
npOBonoKM ocymecTBJifliOT npn reMneparype 
SSO'^C c BbiAep)iCK0v4 b re^eHkie 5 m. Hocne 
o6pa6orKH AaaneHkieM m AarMAPi^poBaHHn 
nnoTHOcrb uarepwiana csepxnpoBQAniM^A 4>a3bi 
cocTBBMna 6,17 r/cM^ (oxono 95% or 
reoperviHecKOM nnorHOCTM), b cepAUeaMHe xoinbi 
rpeii^i/iHbi He Ha6nioAanocb. klsMepeHi/in 
noxaaann, mto wat\b o6jiaAaer 
CBepxnpoBOAniAMMM eBOk^craaMii. 

no cpasHeHi/iK) c npororvinoM 
npeAnaraeuui^ cnoco6 MsroroBneHkin 
o6ecneMMBaer noBbiujeHHe roKOHeoyu;ef^ 
cnoco6HOcrkt cBepxnpoBOA^iAev^ >Kiinbi na 
8-10%. 

(PopMyna ii3o6peTeHkiq: 

CnOCOB M3rOTOB/lEHl/W=l 
CBEPXnPOBOfl^LME(?l >mnbl. npn KOropoM 
co6MpaiOT nony4)a6piiKar, cocroniAiin m3 
o6onoMiai, BbinonHeHHoi^ m3 Meranna. 
o6naAaioi^ero 343ct>eKTOM aoAopoAHoro 
nnacTvict)i^UiipoBaHM5i. \a cepAe*^Hi/iKa m3 
BbicoKoreMneparypHoro caepxnpoBOAniAero 
coeAi^HeHMR, \a ocyu4ecrBn$iK)T ero 
nnacTHMecKyK) Aect)opMaL^iiK), orjikiMatoiHHf^cn 
reM, MTO, c uenbio noBbiiueHi^^i TOKonecyiAei) 
cnoco6HocTki nyreM npeAorspaiAeHMA 
ataiiSHoro B3aMM0Ae(^CTBMn MarepManoB 
cepAeMHMKa h o6ojiomicvi, TpeiAkiHOo6pa30BaHi/iR 
B cepAeMHMKe d noBbnueHkin nnacrMMHocr^ 
o^onoMKM, o6onoMKy noABepraior 

rviApt^poaaHViio, np^i c6opKe nonyctsaCpt/iKara 
Me)iy;y o6onoHKoa n cepAS^HMKOM cfjopMyipyioT 
6y4)epHbiH cnoM Marepuiana. cna6o 

pearvipyiou^ero c MarepHanaMM o6onoMKM m 
cepAeMHuixa, BOAopoAOM h K^cnopoAOM. a 
nnacTMMecKyio Ae^opMai^kiio npo^sBOAflT npvi 
reMneparype. o6ecneMiiBaioiAe(^ coxpanenMe 
crexMOMerpMM CBepxnpoBOAniMero coeAMHeHun 
M npoflBneHne acMDexra soAopoAHoro 
nnacTMctsvii^MpoBaHHn. sareM ocyiAecrannior 
AerkiAPVipoBaHHe o6ojiohkm. 



o 

CO 
CD 



CO 



